AFTER the most excellent paper we had towards the end of last session on the treatment of naevi from Dr. Lewis Jones, it must seem to most of you here present that it is an impertinence for me to come forward at this stage with a treatise on the same subject. I can assure you I feel this myself-probably more than any of you feel it-and I would not do so were it not for the fact that I intend to bring before you a method of treatment which is, in this country, more or less novel and not without value. As this method is not an electrical one, perhaps some apology is necessary for bringing it forward in this, the Electrical Section of the Royal Society of Medicine. At the same time it involves the use of a physical agent, and I think you will agree that no Section has a stronger claim to the place for advancing the cause of physical therapeutics than this.
Ever since I took charge of the Electrical Department of the London Hospital the treatment of neevi has been a very important feature of the work, and the number of cases to be treated has steadily and rapidly increased. In a period of six years some 2,000 cases have been treated by myself, and during that time the methods employed were electrolysis, puncture with a fine galvano-cautery, and highfrequency spark. In one case involving the left mamma of a female child, I used pieces of sterilized magnesium ribbon, plunged into the growth and left there. I hoped by this method to avoid destroying the D-6 mammary gland, and, so far as one could judge, the result was satisfactory; but of course it is impossible to be sure of this until the child reaches puberty. I am convinced this means of treating naevoid growths has a definite value, but I am also of the opinion that for routine hospital practice it is not suitable.
ELECTROLYSIS.
While I used this agent very freely at first, latterly I have reserved it for the treatment of the cavernous type of naevus, for which I find it the most satisfactory of all that have been proposed. While excision is an ideal method from a theoretical point of view, yet I am sure even surgeons will admit that it is frequently followed by recurrence-at least I often have cases referred to me for electrolysis, in which this has followed excision of the original growth. Possibly surgeons have had to excise a recurrence following electrolysis by myself, but, if so, they have been polite enough not to tell me of it.
In this, as indeed in all methods of treating naevi, the secret of success is to know when to stop. Rather do less than enough, and finish on a subsequent occasion, than risk an unsightly scar through endeavouring to make one operation do all that may be necessary. It is, no doubt, good policy-even advisable under certain circumstancesto make one operation suffice; but when this is done, even with the greatest care, there is no little risk of the resulting scar being less elastic and more noticeable. On the other hand, by adopting a less vigorous plan of campaign and giving full time between the operations for the effects of each to be developed, I have had the most satisfactory results in cases of such severity that the outlook seemed-wellnigh hopeless. One case in particular: A deep, cavernous nsvus, involving the left side of the face from orbit to chin, was treated by electrolysis, piecemeal, for nearly two years, during which period the child was anasthetized no fewer than sixteen times. The result was better than I dared to expect. The face was very nearly symmetrical; and while the affected side was mostly scar-tissue, it was soft, pliable, and elastic, and every trace of nwevoid tissue gone so far as one could tell. For this method of treatment I always use the bipolar needle designed by Dr. Lewis Jones. Mine has fairly stout platinum needles, which are heated to redness in the Bunsen flame before and after each insertion. They are allowed to cool before being inserted, except when dealing with scar-tissue, which is usually very tough and resistant.
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Here much time is saved if they are pushed in while still quite hot.
I have never seen any bad results from this, and what would otherwise be a matter of considerable difficulty becomes quite easy.
I generally use a potential of ten volts-corresponding to six to eight Leclanche cells-and this is turned on to the needles before being placed in position, the skin itself forming an excellent rheostat.
CAUTERY PUNCTURE.
The majority of cases met with in my experience can be satisfactorily dealt with by means of a fine galvano-cautery. It has the merits of efficiency, simplicity, and economy of time. Its chief value is in the treatment of capillary and stellate nwevi, even cavernous noevi so long as they are small in size and do not extend too deeply. Here, again, I strongly advise against attempting to do too much at one sitting. Each puncture will give rise to an approximately circular area of inflammation-of which the puncture is the centre and this may be from in. to 1 in. in diameter. Obviously, to get the best result, our aim inust be to destroy as little normal tissue as possible. All we require is to set up a simple fibro-plastic inflammation which will cause a clotting of the blood in the naevoid vessels, and these in turn will become obliterated by the resulting new-formied fibrous tissue and its subsequent contraction.
In i in. apart, and should, in my opinion, go right through the whole thickness of the skin. In nearly all cases the cautery should be quickly withdrawn the moment the sense of resistance which the skin gives is lost. This prevents the action of the cautery extending too far. My reasons for insisting on going right through the skin are two. In the first place, it is otherwise impossible to be sure that the noevus will be affected through its entire thickness; and secondly, because it is much less painful afterwards. You can easily understand that if you are making a lot of punctures into, but not through the skin, a number of them will be burns of the third degree, which are intensely painful, as you well know. After a naevus has been treated in this way, the immediate result is a pink scar with a slightly pitted surface, the pits corresponding to the individual punctures. As time goes on, the surface becomes paler and more uniformly smooth. In the case of children seen about twelve months afterwards, the area is smooth, soft, and elastic; and, as regards colour, scarcely to be distinguished from the surrounding skin. The pitting left by the punctures is still present, but not very noticeable. It tends to become less perceptible as time goes on, but slight traces can be found years afterwards.
THE HIGH-FREQUENCY SPARK.
The class of nevi which is most favourably influenced by this method is that comprising what is generally called the " port-wine stain." This is another way of saying that it is only applicable where the growth involves the superficial layers of the skin. The method of procedure is akin to that described as " fulguration," as practised on the Continent for malignant disease, but any ordinary high-frequency apparatus is sufficiently powerful for our purpose. I have now treated about twenty cases by this method, some of which have had several applications. The milder cases have been cured to all intents and purposes; the more severe ones have been improved to an extent which is, roughly, inversely proportional to the severity of the original lesion. The method of making the application is familiar to everyone here, and so need not detain ug. From my own experience I am of the opinion that the narrower the spark-gap and the closer the metal-point electrode to the surface of the skin, the more superficial is the offect produced, the more does the thermic effect predominate over the electrical effect, and the changes are produced more rapidly. I am also of the opinion that under such conditions we are more frequently troubled with keloid changes in the scar. This I attribute to the thermic effect, because I feel sure that the scars following heat-burns are more prone to keloid changes than those from other kinds of injury. Probably some will disagree with me in this. It is merely a record of my own personal observations. I find, however, that any high-frequency application m-iade with the electrode close to the skin surface, and long enough to produce at least some destruction of tissue, is very likely to be followed by keloid changes. The minimum distance of the electrode from the skin should be about J in. It takes a longer time to get the desired reaction; but the effect penetrates more deeply, and is less likely to be followed by keloid changes in the scar. With such an interval between the electrode and the skin the application is so-painful that a general aamesthetic is almost always necessary, and the troubles of the anesthetist are not made lighter by the objectionable noise which is an unavoidable part of the procedure. Ether must not be used on account of the risk of its vapour catching fire from the spark. This has happened once, to my personal knowledge, owing to an assistant accidentally filling the usual chloroform bottle with ether.
While I consider the high-frequency spark a valuable means of treating port-wine stains, I have almost entirely discarded it for the new method which I now propose to show you. As a result of my experience with the foregoing methods I look upon no case as too severe to make some serious effort, especially in female children, to remove an unsightly birth-mark. Practically every case can be vastly improved, while the less severe ones can be cured to all intents and purposes. With care, and not attempting to do too much at one time, unsightly scarring is avoided and deformity from cicatricial contraction kept within the narrowest possible limits.
REFRIGERATION.
The methods so far described have been those employed by me almost exclusively up to midsummer of the present year. At that time Dr. A. C. Geyser, of New York, called upon me and asked me to try a method employed by him for naevi and various other superficial conditions which in his hands had been reinarkably successful. This I put into-practice -forthwith, and the method is so free from the objections common to most others, and the results so satisfactory, that I now treat more cases by it than by all the other methods taken together. The process is one of refrigeration, and is carried out by means of the local application of a solid crayon of carbon dioxide. This gas is obtainable in iron cylinders containing some 20 lb. to 30 lb. of the liquefied gas at a pressure of over 20 atmospheres. It is obtained from the combustion of coke, and finds its chief use in the mineral-water industry. When the liquefied gas is allowed to escape into the atmosphere the sudden expansion causes a prodigious lowering of its temperature, and it appears in the form of a white semi-solid snow. By collecting this in a suitable receptacle it can be formed at once into a comparatively hard stick, not unlike an ordinary candle in appearance. It can also be compressed into a mould of any desired shape and size, and subsequently shaped at will with a knife. The temperature of the frozen gas is -79°C. (-1l0O F.). Of course, making use of low temperatures in treatment is by no means new. On the Continent cases of lupus vulgaris have been successfully treated by ethyl-chloride spray. Later, liquid air was tried, and I understand that a few months ago a demonstration was given in this room on the use of liquid air in dermatology by the late Dr. Radcliffe Crocker, whose recent demise we all lament. While liquid air possesses the quality of intense cold to a degree far surpassing anything else we know of, it is extremely difficult, even impossible, to use it in an efficient manner. Its liquid form is responsible for this, making it difficult to control and impossible to make use of that most important adjunct-pressure. Whatever be the agent we employ for the freezing process, the principle involved is of course the same; but that is not to say that the different agents are equally advantageous in practical use. The point I wish to emphasize about solid carbon dioxide is that it is a solid, and yet sufficiently soft to be moulded or cut to any convenient size and shape. Also because it is a solid it enables us to use as much pressure as we wish, and thus freeze the tissues to any desired depth, within reasonable limits. A further point to be remembered is that our freezing agent maintains a constant temperature. As the tissues give up their heat to the crayon the surface of the latter becomes gaseous and escapes into the atmosphere. Carbon dioxide at '79°C. is a solid; at -78°C. it is a gas at ordinary atmospheric pressure. The surface in contact with the part under treatment is thus being constantly renewed. To say that the crayon is " in contact " is probably not literally correct. It is more likely that they are kept apart by a thin layer of gas. For this reason it is possible to hold a small piece loosely in the hand without discomfort. Also, if a flat disc of solid CO2 be placed upon a level sheet of plate-glass slightly warmed, the disk can be seen to be in constant motion, and if one end of the glass be raised the disk slides downhill with a rapidity out of all proportion to the degree of inclination. It will be seen that some pressure is necessary to get any effect at all, but owing to its rigidity we can make as much pressure as may be necessary. It is this matter of pressure that gives C02 such a great advantage over other refrigerants. The solid gas evaporates very slowly. A crayon 5 in. long and 1 in. in diameter will last from one to two hours if left exposed in an ordinary room. Wrapped in cotton-wool, it loses about half its weight in a period of four hours. With such a crayon I have made over thirty applications, a piece about I' in. by 2 in. remaining.
DOSAGE.
As with any other new agent, so with this-we have much to learn. There is no reason, however, why the question of dosage cannot be reduced to mathematical accuracy here. As we have seen, the temperature of our crayon is a constant one. The onlv two variable factors in dosage are time and pressure. There is no difficulty about the measurement of time, and a holder with a spring inside which is adjustable would solve the latter point. I doubt, however, if this will be necessary, but it is easy to see how the depth and intensity of the subsequent reaction could be regulated with almost absolute certainty. I am always averse to the use of any appliances that tend to efface the personal equation entirely, and in this case no very great experience is required to make the necessary degree of pressure oneself.
To come to practical details. Take the case of an ordinary capillary naevus of moderate size-less than 1 in. across in any direction. For this I trim the crayon roughly to the shape of the nevus, and I prefer Fit to be slightly larger.
It is now applied to the naevus and firmly pressed down so as to drive the blood out of the part, or at least arrest the circulation. The average duration of the application will be about forty seconds. If there is bone immediately beneath, a shorter application will do. If on the thigh or abdomen, it should be a little longer. A "port-wine stain" is best treated with a moderate degree of pressure, depending on the depth of the lesion. For a cavernous navus the end of the stick may be the same size as, or slightly smaller than, the area of the growth, and a long application with deep pressure should effectually freeze the whole mass. In any given case the time and pressure of the application will be decided by the conditions present.
The diseases curable by this agent are numerous, and I fancy will be of great interest to dermatologists. As I have said, I now use it for nssvi more often than all the other methods taken together. It is very successful for moles and other blemishes; it seems to have a favourable influence on lupus erythematosus, and I have successfully cured patches of lupus vulgaris; it answers excellently for warts. In the treatment of the latter, a long application is necessary on account of the poorlyconducting properties of the growth. I do not time the application. After trimming the stick to the size of the growth, I apply it with firm pressure until a narrow zone of healthy tissue around the base is frozen. If we stop before this, the result will not be'satisfactory. In the keratosis accompanying chronic X-ray dermatitis, brief applications answer exceedingly well. On removing the crayon after an application the depression made by it remains; the frozen surface is pure white and hard, like a piece of china. The process of thawing occupies about the same length of time as the application, and the depressed tissue gradually returns to its normal place and colour and is found to be covered with moisture of condensation. Reaction sets in immediately. Within a few seconds the treated area is of an appreciably firmer, brawny consistency, and in two or three minutes perceptibly swollen. A wheal develops, with acute hyperaemia, within half an hour, and a vesicle frequently within an hour; but this may take longer, or not develop at all in the case of a very short application. An application of thirty seconds or longer will almost certainly be followed by scarring. A very intense superficial destruction is obtained by a second application immediately after the tissues have thawed out from the first one.
With regard to after-treatment, this is very simple. Boracic-acid ointment is what I use almost invariably. If a blister forms the fluid is carefully let out, and this may have to be done a second, or even a third, time. Within a few days a crust forms, which should be allowed to colne off of its own accord. The treated area is completely recovered in about a fortnight. The surface is then perfectly smooth and of a delicate pink colour, which gets paler as time goes on. The ultimate result is a pale, soft, pliable and elastic scar, which is as good as any produced by any other caustic agent, or even radium.
Like radium and unlike the cautery or electrolysis, there is no immediate destruction of tissue. The results are achieved by a reaction set up in the tissue itself, and we have a complete range of effects fromn a simple, mild hyperaemia, which clears up in a few hours, to a complete necrosis. Unlike radium, it is cheap, and instead of waiting days or weeks for a reaction, we get this within a few hours. I predict that it will displace radium for many of the purposes for which the latter is now used. I show some results obtained. In a photograph they do not differ greatly from those treated. by other methods, and no good purpose would be served by showing a number; these are typical of the results.
In the majority of cases a single application, lasting from thirty to sixty seconds, is all that is necessary. If the cure is incomplete, a second one can be made as easily as the first. The application is practically painless and no ancesthetic is ever necessary. I have had children who never moved or cried during the application. The majority do make a noise, but this is more because they are held still than because of the pain. It is a curious fact that many adults voluntarily say " it is beginning to hurt now " at about the twenty-fifth second. The thawing out is more uncomfortable than the freezing.
With regard to time, two or three cases can be finished off while one is being anaesthetized for electrolysis or cautery; I have treated thirty cases within an hour and a half. I have not yet seen any keloid in the resulting scars, nor have I had an opportunity of examining the changes that take place in the frozen tissue. It is quite possible that at this very low temperature changes other than those following ordinary frost-bite would be found. Ordinary frost-bite, lasting no more than sixty seconds, does not produce anything like the same degree of reaction we get with solid CO2. With the fixation and rigidity which occur just below freezing-point, followed by the expansion of the frozen liquid part of the tissues which must take place with this extreme lowering of temperature, it is conceivable that the cells are mechanically injured -the reticulum broken down and the cell-wall burst-just as a bottle full of water is fractured after being left out on a frosty night. This would at least account for the immediate and profound reaction that occurs after each application. This, however, is conjecture, and I shall be glad to have the views of others regarding this question.
To say that solid C02 is merely a caustic, as some have asserted, is not quite correct. All caustics, strictly so called, destroy tissue immediately-e.g., cautery, chemical substances, &c.-but C02 does not do so. After the part is thawed out, the whole of the treated area is still living, as evidenced by the intense reaction which sets in. Local death may occur later owing to inflammatory stasis, but this is the result of a vital reaction, and not an immediate result of the application of the irritating substance.
In conclusion, I wish to apologize for such a lengthy paper, but I am sure there will be agreement as to the value and importance of this interesting and fascinating substance as a therapeutic agent. Personally, I look upon solid CO2 as the most important addition to the list of physical agents employed in therapeutics since that of radium, and, as I have already said, I predict that it will be found to compete successfully with radium in the treatment of many superficial lesions. Dr. LEWIS JONES, in answer to the President's question, said that, so far, he had never been troubled by the development of keloid after the treatment of a nmvus; and, speaking on the subject of the paper before them, he had made a few experiments with the solid carbon-dioxide method, because Dr. Morton very kindly gave him a private lesson in the art of preparing and using the material in September. The procedure he followed had been identical with that which had been demonstrated on that occasion-i.e., the method of the rolled-up towel. But he was glad to have seen it done again that day, because so far he had not been quite successful in his attempts to form a good solid stick. And almost every time he had tried it the towel had been torn by the escape of gas; and when the towel tore, as it did, in its inner layer, its cavity lost its proper cylindrical shape, and the solid C02 tended to collect in irregular pieces. He had treated several cases of nawvus, but it was yet too soon for him to speak of final results. Mr. Moore, the apothecary at St. Bartholomew's, had taken weighings of the cylinder before and after the preparation of the solid C02, and the figures were: of gas exploded, 8 oz.; and of cost ld. Thus, so far as the cost went, the use of solid C02 was quite cheap.
Dr. FINZI asked whether Dr. Morton knew anything of the late results of the treatment. He thought it possible there might be some contraction of the scar-tissue afterwards, which might spoil the excellent early results.
Dr. HORACE MANDERS expressed his gratitude for the paper, which had created quite an enthusiasm in the Section. The method had been used in America for some time past. He first read of it in January, 1909, in the German Centralblatt filr Chirurgie, in which Sauerbruch said he had heard of it from Chicago, where two Americans-A. J. and E. Oxner-had used it to destroy navi and angiomata, as well as lupus and rodent ulcer. But their technique was very inferior to Dr. Morton's. They allow the carbon dioxide to solidify upon cotton wool, and then they press small pieces of that wool on to the naevi. The application was not one of few seconds, but of many. He was surprised to hear Dr. Morton say he found fulguration good only for portwine stain; he also mentioned something about keloids. He (Dr. Manders) had used fulguration very largely for navi, but had never yet seen keloid result; still, he knew such were produced, and he knew how. Very great care was wanted in fulguration, and what Dr. Morton said about the closeness of the spark causing thermic action over the electrical had much to do with the matter. Dr.
Branth, of Ne.w York, had told him that in treating warts or epitheliomata, the moment any moisture was seen one ought to cease, because, if persisted in, keloid would result. That took only about three seconds. In ntevi one did not see the moisture. He regarded I in. as rather too long a spark; but the frequency of the spark had much to do with the matter. If one wished to destroy growths by fulguration it was better to have a considerable coil between the condensers, and the condensers not so big. The frequency should run into something like three or four millions per second. One advantage which this method had over fulguration or any other electrical treatment was that it was quite painless. He had seen half-a-dozen cases treated by it, and no one seemed to object at all. The fact that at the end of twenty-five seconds the patients said the process began to hurt he regarded as a mental phenomenon. The patient had made up his mind to go through with a certain thing, and at the end of twenty-five seconds he gave out, just as, when having a tooth extracted without gas, if there was delay, the courage of the sufferer oozed out. He supposed the amount of pressure was just enough to squeeze out that layer of gaseous carbon dioxide which was forming so as to keep the actual solid always against the diseased part.
Mr. W. DEANE BUTCHER said that perhaps the Section might be interested in hearing a few words from the patient's point of view. Dr. Morton was good enough to treat a small angioma on his (Mr. Butcher's) eyebrow, and with the very best results. It had already been twice treated by electrolysis, and the process caused considerable pain, as it was near the supra-orbital nerve. The process of freezing was almost painless, but there was a good deal of pain when it was thawing out. The result was quite perfect. A sort of crater was made, which reached down to the bone. The reaction was very considerable and the healing very slow, but there was no trace whatever of a scar. The process should not be undertaken lightly, as one or two cases had already appeared in literature in which a certain amount of sloughing had occurred.
Dr. MCCULLOCH said he had been much edified by the paper, but was surprised to hear that Dr. Morton confined the high-frequency-spark treatment to port-wine stain. Recently he (Dr. McCulloch) had a case of fungating angeioma on the back in a man whom he had treated with the high-frequency spark, with alternations of X-ray irradiations fortnightly, in anticipation of anythifig like keloid formation, which would thus be prevented. The lesion was about the size of half a crown, but it had now disappeared, and the surface of about the area of a shilling looked like a faint port-wine stain. He hoped to show the case at an early meeting of the Section. The carbon-dioxide treatment seemed to him to be analogous to the first degree of frost-bite, the subsequent necrosis of which was clinically very like that produced in diabetes. He once had 100 cases of frost-bite among people composing a convoy in the Himalayas, and many were bad cases, fingers and toes being lost. That Dr. MORTON, in reply, said he was much gratified by the kindly way in which his effort had been appreciated. He had only had keloid from such cases as were treated by high frequency, and only in such cases where he, either by design or by accident, had allowed the point of the electrode to get too close to the skin. To get through 2,000 cases of navi in four or five years with only one day a week meant some strenuous days' work; and it had always happened that the fulguration cases had to be done last, and they had to be done in a small room; and with the noise going on, and with the patient under the anesthetic, one was tempted to let the poiint go a little closer to the skin, as the reaction was obtained in the skin much more quickly. It was in such cases that he noticed the thermic effect predominating over the electrical, and it was frequently followed by keloid. He had treated twenty cases by high frequency, and keloid had occurred in four. With regard to the preparation of the stick, he tried the scheme of opening the valve freely and letting it blow in quickly, but it was no advantage: one did not get it hard enough, and it filled the cylinder too rapidly; he found that the formation took place from the periphery inwards. But if it were not let in at a certain pace, it would escape by evaporation. Manders that the feeling of pain at the end of twenty-five seconds was purely a mental phenomenon, as it .occurred at the same time in neurotic and in phlegmatic people, even when the latter were engaged in a conversation.
The pressure varied according to the depth of the action. In the case of a capillary or cavernous nmvus, there must be sufficient pressure to arrest the circulation, otherwise the deeper parts of the nmvus would not be frozen. It was true that no such temperature as the crayon gave was experienced in Europe, but Peary, who claimed to have reached the Pole, found there a temperature of -800 C. In Mr. Butcher's case the lesion was very close to the trunk of the supra-orbital nerve, and then, of course, there was pain. No nerve would stand freezing without resenting it, but in ordinary cases the application was to all intents and purposes a painless one. With regard to the sloughing which sometimes took place -after the applications, he had noticed that in the case of a raised capillary ntevus it practically always sloughed off. He had had a great experience of frost-bites in Canada, and the main difference between the reaction so produced and that by carbon dioxide was due to the length of time the freezing was continued; also in ordinary frost-bite the tissues did not get reduced to anything like the temperature of carbon dioxide. Probably the temperature was not reduced much below zero C. With such a very low temperature as that now used, there was bound to be a different set of conditions. There might be seen, microscopically, lacerations in the walls of the cells. In the ordinary ntnvi he had found it necessary to make only one application. The port-wine stain was essentially superficial; his aim was therefore to make moderate pressure for a long time, and get a very intense but very superficial reaction. In one case, after a first application, there was not much improvement in three or four weeks, but after a second application it was blanched out in a most pleasing manner. The. first application seemed to prepare the ground. In chronic eczema he would much sooner apply carbon dioxide than X-rays. He was himself a little dubious about the ultimate effects of X-rays ; he believed a time would come when some people would wish they had used them less. The position was different when treating malignant disease, in which case anything was better than the disease. He would prefer not to use X-rays in a case of erythema; some cases returned years afterwards with telangiectases in the most unexpected places. In the case of chronic eczema the treatment now demonstrated ought to be good, as it enabled one to set up a healthy activity in place of a pathological one. He had treated hairy moles by the method, and the hair had disappeared; and where the mole had been above the level of the skin the result was to make it lose its elevated aspect. By applying ethyl-chloride spray one did not have pressure; he doubted whether the tissue was reduced much below the freezing point, and after the superficial part was frozen it would be difficult to freeze the underlying part.
